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Abstract:The review is aimed in summarizing the most important 
aspects of the chemistry of 1,2,4- trithiolanes, which form a relevant 
class of cyclic polysulfides abundant in nature. Some of them were 
identified as components of Lenthinus edodes (shiitaki mushrooms) 
extracts as well as of Parkia speciosa (stink bean), which are well 
known as delicious food-stuff in cuisine of some Asian countries. In 
addition, they determine the flavour of boiled beef and roasted 
chicken meet. Thermal decomposition of 1,2,4-trithiolanes, either in 
solution or in the gas phase, results in [3+2]-cycloelimination leading 
to the release of reactive thiocarbonyl S-sulfides existing in 
equilibrium with sulfur-rich, three-membered dithiiranes. Both, 1,2,4-
trithiolanes and the products of their decomposition react with low-
valent platinum and iron compounds forming the corresponding 
sulfur-metal complexes. For example, iron-sulfur clusters formed in 
these reactions are of interest as structural models of [Fe,Fe]-
hydrogenase mimics. 
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Among the five-membered sulfur-rich heterocycles, alkyl- and 
aryl-substituted derivatives of 1,2,4-trithiolane (1a, Figure 1) 
form an important class of compounds, which formally can be 
attributed to cyclic polysulfides. The first reports related to the 
synthesis of first representatives concerned the conversions of 
thiobenzophenone (2a) into 3,3,5,5-tetraphenyl-1,2,4-trithiolane 
(1b) upon exposure to air-oxygen[1] or-by treatment with 3,4,5,6-
tetrachloro-o-quinone at 2 °C.[2] In analogy to the better known 
1,2,4-trioxolanes (‘secondary ozonides’), they used to be named 
as ‘thioozonides’. The correctness of the postulated structure 
was proved by treatment of 1b with Raney-Ni, which led to 
diphenylmethane (3a) as the sole product. An analogous 
structure 1c was attributed to the product obtained after mild 







































Scheme 1. Formation of 1,2,4-trithiolanes 1b,c by treatment of aromatic 
thioketones 2a,b with air-oxygen. 
 
There is a growing interest in the chemistry of 1,2,4-trithiolanes 
and their oxides as many derivatives are widely spread in the 
nature. In addition, they are important components of enzymatic 
or thermal decomposition of food components. For example, 
Shiitake mushrooms (Lentinusedodes) are known to contain 
diverse cyclic polysulfides, and the parent 1,2,4-trithiolane (1a, 
Figure 1) is identified as one of the major components.[4] It was 
also found as the major cyclic polysulfide in stink bean 
(Parkiaspeciosa) as the source of H2S, which is slowly released 
as the product of its enzymatic decomposition.[5] Some 3,5-
dialkyl-substituted 1,2,4-trithiolanes, e.g. cis-and trans-3,5-
diethyl-1,2,4-trithiolanes (1d), were detected as components of 
volatile oils isolated from flowers and leaves of Allium cepa[6] as 
well as from some natural essential oils.[7] The isomeric 1- and 4-
oxides of 1a, i. e. compounds 4a and 4b, respectively, which 
display anti-cancer activity, were isolated from the red alga 




Figure 1. The parent 1,2,4-trithiolane (1a) and some of its derivatives isolated 
from natural sources. 
 
Thermal degradation of some -amino acids as components of 
proteins produces complex mixtures of volatile organosulfur 
compounds including 3,5-dialkyl-1,2,4-trithiolanes. For example, 
they are responsible for the flavor of beef broth[9] and roasted 
chicken.[10] 
In the last three decades, we witnessed a remarkable 
development of the chemistry of 1,2,4-trithiolanes. On the one 
hand, they have been applied as a unique source of reactive 
thiocarbonyl S-sulfides useful for the preparation of diverse 
sulfur heterocycles via [3+2]-cycloaddition, and on the other one, 
they react with thiophilic platinum and iron complexes to give 
sulfur heterocyclic metal complexes. These aspects are in the 
focus of the present review covering basically reports from the 
last two decades.  
 
2. Methods for the preparation of 1,2,4-
trithiolanes 
 
As mentioned in the introduction, the oldest method for the 
synthesis of 3,3,5,5-tetraaryl-1,2,4-trithiolanes is the air-oxygen-
mediated conversion of the corresponding aromatic thioketones, 
which is applicable only for the symmetrically substituted 
derivatives.[1–3] This approach is still of preparative value. 
However, new oxidizing agents have been applied to improve 
the efficiency and the scope of this procedure. 
 
2.1.Oxidation of aromatic and cycloaliphatic thioketones 
 
Oxidation of thiobenzophenone (2a) with tetrachloro-o-quinone 
in a ratio of 1:3 in ether afforded the 1,2,4-trithiolane 1b in 73% 
yield.[11] Chloramine T was also applied as an efficient oxidizing 
agent for the conversion of both aromatic thioketones and 
adamantanethione (2c) to give the corresponding symmetric 
1,2,4-trithiolanes.[12] In contrast to 2c, which delivered 1e in 37% 
yield (Scheme 2),  the enolizablethiocamphor was converted 
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Scheme 2. Oxidations of adamantanethione (2c) with Chloramine T or with m-
CPBA. 
 
It is worth mentioning that the oxidation of 2c with m-CPBA 
affords adamantanethione S-oxide (sulfine5a), which is a stable 
compound at ambient conditions[13] and reacts as 1,3-dipole with 
thioketones yielding regioselectively 1,2,4-oxadithiolanes as 
products of the [3+2]-cycloaddition.[13c] 
The detailed reaction mechanism, which governs the 
transformations of non-enolizable thioketones into 1,2,4-
trithiolanes, is unknown. However, the intermediacy of 
oxathiiranes 6[14] as sulfur-donating species and the formation of 
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mechanism’ are very likely. The latter intermediate undergoes 
the [3+2]-cycloaddition with the starting thioketone 2, yielding the 
























Scheme 3. Oxathiiranes 6 as S-transferring intermediates in transformations 
of thioketones2 into 1,2,4-trithiolanes 1. 
 
2.2. Conversion of carbonyl compounds with hydrogen 
sulfide 
 
Enolizable ketones and aldehydes can be converted efficiently 
into the corresponding alkylated 1,2,4-trithiolanes using 
Asinger’s method, which consists in the treatment of the 
carbonyl compounds with H2S, secondary amines, and 
elemental sulfur.[15,16a In the case of aldehydes, mixtures of cis- 
and trans-3,5-dialkyl-1,2,4-trithiolanes are formed. 
Another procedure for the synthesis of tetraalkyl- but also 3,5-
dialkyl-3,5-diaryl-1,2,4-trithiolanes is based on the treatment of 
the respective ketones with H2S in the presence of I2 in 
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Scheme 4. Conversion of acetone into 3,3,5,5-tetramethyl-1,2,4-trithiolane (1f) 
by treatment with hydrogen sulfide. 
 
An alternative method for the preparation of 3,5-dialkyl-1,2,4-
trithiolanes is the chlorination of a dialkyl disulfide in CCl4 
followed by treatment of the intermediate ,'-dichlorodialkyl 







d: R = Me
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Scheme 5. Cyclization of ,'-dichlorodialkyl disulfides8 by treatment with 
Na2S. 
 
In a very recent report, formation of 1d from ethyl acetate and 
gaseous products obtained after thermal decomposition of 
thiourea was described.[16b] 
Asinger’s method cannot be applied for the preparation of the 
parent 1,2,4-trithiolane (1a). Instead, the two-phase reaction of 
dichloromethane (CH2Cl2) with a mixture of Na2S.9H2O and S8 in 
water at room temperature leads to 1a along with 1,2,4,6-



















Scheme 6. Formation of the parent 1,2,4-trithiolane (1a) in the two-phase 
reaction of CH2Cl2/H2O with Na2S/S8. 
 
2.3. Reactions of thioketones with elemental sulfur 
 
Elemental sulfur was used to convert tert-butyl phenyl thioketone 
(2d) into the isomeric tetrasubstituted 1,2,4-trithiolanes 1i. 
Whereas the reaction performed in DMF at room temperature 
(14 days) afforded cis-1i as the exclusive product, a similar 
procedure in boiling toluene led after 4 days to a mixture of 
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Scheme 7. Reaction of thioketone 2d with elemental sulfur. 
 
Adamantanethione (2c) reacts with S8 in the presence of NaSPh 
in boiling acetone to yield, after 15 min, only small amounts of 
trithiolane 1e along with the corresponding dispiro-1,2,4,5-
tetrathiane, formed as the major product.[19] On the other hand, 
treatment of 2c with S8 in CHCl3 under reflux for 2 days in the 
presence of a catalytic amount of Ph3P=S led to 1e in 59% 
yield.[20] In a similar experiment, the phosphorane10 was reacted 
with S8 in boiling toluene, and subsequent addition of 2c gave, 
after 24 h, a mixture of 1e as the major product and the non-
symmetric 1,2,4-trithiolane 1j[20] (Scheme 8). These products are 
formed via [3+2]-cycloadditions of the in situ-formed thiocarbonyl 
S-sulfides of type 7 with thioketones 2a and or 2c (cf. Scheme 3). 
However, the symmetric 1a is known as a thermally labile 
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Scheme 8. Formation of 1,2,4-trithiolanes 1e and 1j using phosphorene 10, S8 
and adamantanethione (2c). 
 
The parent 1a was found as a component of a mixture of 
organosulfur compounds formed from CS2 and oxalic acid under 
hydrothermal conditions.[4e] 
Some ketones, e.g. tert-butyl p-tolylketone (11a), react with 
P4S10 to yield, after heating in pyridine for 48h, a mixture of cis-  
and trans-isomer of the tetrasubstituted 1,2,4-trithiolane 1k (35% 
and 13%, resp.), accompanied by the corresponding thioketone 
2e (23%)[22] (Scheme 9). In this case, the initial step is very likely 
the thionation of 11a to give 2e, which via the intermediate 
thiocarbonyl S-sulfide and its [3+2]-cycloaddition with another 
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Scheme 9. Synthesis of 1,2,4-trithiolanes 1k via thionation of ketone 11a with 
P4S10 or sulfine 5b with Lawesson’s reagent. 
 
Interestingly, treatment of the sulfine5b with Lawesson’s reagent 
(LR) in the presence of thioketone 2e in CH2Cl2 at room 
temperature results in the formation of cis-1k as the sole product 
in 79% yield.[23] On the other hand, the reaction of 2e with LR at 
room temperature led to the same product, cis-1k, in 26% yield, 
only after much longer reaction time (19 days). 
 
2.4. Sulfur-transfer reactions with usage of thiiranes or in 
situ-formed thiaziridines 
 
An important method for the preparation of tetrasubstituted 
1,2,4-trithiolanes relies on the sulfur-transfer from thiiranes 
12a,b to a thioketone 2, and the intermediate thiocarbonyl S-
sulfide 7 formed thereby is trapped by another thioketone 
molecule to yield the corresponding [3+2]-cycloadduct 1. This 
method gives excellent yields of symmetric 1,2,4-trithiolanes 
starting with thiobenzophenone (2a), thiofluorenone (2b), and 
adamantanethione (2c)[11,21] (Scheme 10). An analogous 
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Scheme 10. Preparation of tetrasubstituted symmetric 1,2,4-trithiolanes 1 via 
sulfur-transfer from thiiranes 12 to thioketones 2. 
 
Another type of sulfur-transfer reaction leading to 
tetrasubstituted 1,2,4-trithiolanes is based on thermal reactions 
of organic azides with thioketones. For example, 
adamantanethione (2c) reacts in a two-component reaction with 
phenyl azide at 80 C to afford the symmetrictrithiolane1e in 
33% yield. The same product was obtained with benzyl azide, 
butyl azide,[23] and methyl azidoacetate.[24] Similar three-
component reactions performed with an aromatic and a 
cycloaliphatic thioketone, e.g. 2a and 2c, dissolved in phenyl 
azide, led to mixtures of symmetric and non-symmetric 






Scheme 11. Three-component reaction of a mixture of thioketones 2a and 2c 
dissolved in phenyl azide leading to the 1,2,4-trithiolanes 1e and 1j. 
 
In three-component reactions with some hetaryl thioketones, e.g. 
di(2-thienyl) thioketone (2e), with 2,2,4,4-tetramethyl-3-
thioxocyclobutanone (2f), and excess benzyl azide, a similar 
reaction course leads to two types of 1,2,4-trithiolanes 1, but in 




















Scheme 12. Three-component formation of non-symmetric and symmetric 
1,2,4-trithiolanes 1l and 1m. 
 
The formation of 1,2,4-trithiolanes presented in Schemes 11 and 
12 is the result of multiple [3+2]-cycloadditions. The initial step 
consists in the cycloaddition of the azide with the more reactive 
aromatic thioketone, and the unstable cycloadduct of type 13 is 
formed. Spontaneous elimination of N2 leads to thiaziridine14, 
which acts as a S-donor to the C=S group, to generate the 
transient thiocarbonyl S-sulfides of type 7. The latter undergo 
the next cycloaddition with unconverted thioketones to yield 
thermally stable, spiro-substituted 1,2,4-trithiolanes. 
Non-symmetric 1,2,4-trithiolanes 1n and 1o were obtained in 
multistep reactions between aromatic sulfines5c,d and 
monothione2f. In these transformations, the last step leading to 
the 1,2,4-trithiolane skeleton is also a [3+2]-cycloaddition of the 
intermediate aromatic thiocarbonylS-sulfide onto the C=S group 
of 2f[27] (Scheme 13). The reactive 1,3-dipole (S-sulfide) is 
generated via sulfur-transfer from the postulated cycloaliphatic 
oxathiirane6a to the S-atom of the aromatic thioketone. The 
competitive S-transfer from this intermediate was also studied 
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Scheme 13. The postulated oxathiirane 6a as S-donor in the formation of non-
symmetric 1,2,4-trithiolanes 1n and 1o. 
 
3. Transformations of 1,2,4-trithiolanes and 
their S-oxides 
 
3.1. Oxidations of 1,2,4-trithiolanes 
 
As mentioned in the introduction, two regioisomeric monoxides 
4a and 4b derived from the parent 1,2,4-trithiolane (1a) were 
isolated from red algae. An independent synthesis of both 
compounds was carried out starting with 1a in acetone, and 
NaIO4 was used as oxidizing reagent.[6] The obtained mixture of 
S-oxides 4a and 4b was separated chromatographically to yield 
26% of 4a and 27% of 4b, respectively.  
The oxidation of 1a with m-CPBA was also reported. In the 
reaction carried out with an equimolar amount of m-CPBA in 
dichloromethane, 4a and 4b were also formed in comparable 
amounts.[29a] By using 2.5 mol-equiv. of m-CPBA, the trans-1,4-
dioxide was obtained as the sole product after 24h.[29a] The 
same method was applied for the preparation of 3,3,5,5-
tetraphenyl-1,2,4-trithiolane 1-oxide (4c) from 1b(Figure 2). The 
crystalline product was isolated in 54% yield, and its structure 












Figure 2. 3,3,5,5-Tetraphenyl-1,2,4-trithiolane 1-oxide (4c) 
 
The oxidation with peroxyacetic acid (MeCO3H) was applied in 
the case of 3,3,5,5-tetramethyl-1,2,4-trithiolane (1f), and 
depending on the molar ratios of substrate and reagent, 
mixtures of monoxides 4d and 4e, cis- and trans-1,4-dioxides 4f 
or tetraoxide 4g were isolated[29a] (Scheme 14). The structures of 



















































Scheme 14. Oxidation of 3,3,5,5-tetramethyl-1,2,4-trithiolane (1f) with 
peroxyacetic acid. 
 
Oxidations of the sterically crowded 1,2,4-trithiolanes cis- and 
trans-1i were carried out using dimethyldioxirane (15) in CH2Cl2 
solutions at –20 C.[18,30] The oxidation of cis-1i with 1.2 
equivalents of 15 gave a 54:39-mixture of isomeric 1-oxides 
cis,cis- and cis,trans-4h with retention of the configuration of the 
substituents at C(3) and C(5) and cis/trans orientation of the O-
atom towards the phenyl groups (Scheme 15). The reaction with 
4 equivalents of 15 led to the corresponding 1,2-dioxide 4i with 




































cis,cis- 4h (54%)  
 
Scheme 15. Oxidation of cis-1i with varying amounts of dimethyldioxirane (15). 
 
An analogous experiment performed with trans-1i and 1.2-
equivalents of 15 afforded also a mixture of two isomeric 1-
oxides with preserved configuration of the substituents at C(3) 
and C(5). Interestingly, further oxidation of one of the isolated 
isomers with 4 equivalents of 15 led to a mixture of the 
corresponding 1,2-dioxide (minor) and the 1,1-dioxide (major), 
whereas the reaction with peroxyacetic acid led to the same 
products in a reversed ratio. 
 
3.2. [3+2]-Cycloeliminations leading to thiocarbonyl S-
sulfides  
 
ThiocarbonylS-sulfides 7 belong to the class of sulfur-centered 
1,3-dipoles and are believed to exist in equilibrium with 
dithiiranes 16[31] (Scheme 16). They are known as reactive 
intermediates and have never been isolated. However, 
generated in situ they can be trapped with a suitable 
dipolarophile forming the corresponding five-membered, sulfur 



















European Journal of Organic Chemistry
This article is protected by copyright. All rights reserved.




















Scheme 16. Mesomeric structures of thiocarbonyl S-sulfides 7 and the 
equilibrium with dithiiranes 16. 
 
Huisgen and Rapp showed that the thermolabile 3,3,5,5-
tetraphenyl-1,2,4-trithiolane (1b) is an excellent precursor for the 
generation of thiobenzophenone S-sulfide (7b) via thermal [3+2]-
cycloelimination.[11,21] A simple procedure relies in the heating of 
1b with a slight excess of the respective dipolarophile in boiling 
CHCl3.Using this protocol, electron deficient acetylenes were 
converted into the respective 3H-1,2-dithioles 17 (Scheme 17). 
Trapping of 7a with cycloaliphatic thioketones 2c and 2f leads to 
the thermally stable non-symmetric 1,2,4-trithiolanes 1j and 1n, 
respectively.[11,27] Analogous [3+2]-cycloadditions are described 





Scheme 17. Trapping of thiobenzophenone S-sulfide (7a) with acetylenic and 
thiocarbonyl dipolarophiles. 
 
3.3. Gas-phase pyrolysis and first detection of the parent 
dithiirane 
 
Gas-phase pyrolysis in combination with matrix technique is an 
excellent method for detection and identification of reactive 
intermediates and unstable organic compounds. The parent 
1,2,4-trithiolane (1a) undergoes [3+2]-cycloelimination at 950 C 
in vacuum. The obtained products were identified by means of 
IR-spectroscopy and computational methods, which 
demonstrated that the major products are thioformaldehyde S-
sulfide (7d) and thioformaldehyde. These products, immobilized 
in an Ar-matrix at 10 K, were photolyzed, and thereby 7d was 
converted initially to the parent dithiirane (16a) and subsequently 
to dithioformic acid (18) (existing as a mixture of s-cis and s-
trans rotamers) as products of its photo-isomerization[32] 
(Scheme 18). This result was confirmed in a very recent study 























Scheme 18. Gas-phase thermolysis of the parent 1,2,4-trithiolane 1a; first 
identification of the parent dithiirane 16a. 
 
The corresponding dithiiranes 16b and 16c (Figure 3) were also 
detected in Ar-matrices at 10 K after gas-phase pyrolysis of 














Figure 3. Substituted dithiiranes 16b and 16c isolated in Ar-matrix at 10 K.  
 
Flash vacuum pyrolysis (FVP) of isomeric S-oxides of the parent 
1,2,4-trithiolane, i.e. 4a,4b, leads to different products. In the 
case of 4b, a mixture of thioformaldehyde S-oxide (5c), S-sulfide 
(7d), and thioformaldehyde formed the major part of the 
pyrolysate collected in Ar-matrix. Under the same conditions, 4a 
undergoes fragmentation leading to dithioformic acid (18), 
thioformaldehyde S-oxide (5c), and thioformaldehyde. In that 
case, the formation of a substantial amount of dithioformic acid 
(18) was explained by the initial 1,4-H shift followed by ring 




Scheme 19. Vacuum pyrolysis of isomeric S-oxides 4a and 4b derived from 
the parent 1,2,4-trithiolane. 
 
4. Coordination chemistry of 1,2,4-trithiolanes 
 
4.1. Reactions with diphosphane Pt(0) complexes 
 
The reaction of 3,3,5,5-tetraphenyl-1,2,4-trithiolane (1b) with 
(Ph3P)2Pt(2-C2H4) was performed in toluene at 0C, and the 
reaction course was monitored by 31P NMR spectroscopy.[36] 
The solid product was identified as a 1:1 mixture of the 
platinathiirane 20a and the dithiolato-complex 21a(Figure 4). In 
the same study, the latter compound was also prepared in an 
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Figure 4. Platinathiirane 20a and dithiolato-complex 21a obtained from 
3,3,5,5-tetraphenyl-1,2,4-trithiolane (1b) and (PPh3)2Pt(2-C2H4). 
 
Analogous products were formed upon treatment of 1b with 
other (bisphosphane) Pt(0) complexes bearing 1,8-
bis(diphenylphosphanyl)naphthalene (dppn). The reactions with 
these complexes required higher temperature, and for that 
reason, the toluene solution was heated to 50 C[37] (Scheme 20). 
Under these conditions, the starting 1b is believed to exist in 
equilibrium with 2a and 7b/16d. In this system, the initially 
formed 7b undergoes 1,3-dipolar electrocyclization forming 
dithiirane 16d. Complexation of the C=S group of 2a then leads 
to 20b, and the oxidative addition of Pt(0)-complex along the S–
S bond in 16d affords the dithiolato-complex 21b. This 




Scheme 20. Mechanistic interpretation of the reaction of 1b with (dppn)Pt(2-
nbe) complex. 
 
Similar studies performed with differently substituted 1,2,4-
trithiolanes demonstrated that the ‘dithiirane mechanism’ shown 
in Scheme 20 has to be replaced by the alternative ring-
expansion of the starting 1,2,4-trithiolane 1 resulting in the 
formation of six-membered Pt-heterocycles 22, which undergo 
thermal decomposition with release of the corresponding 
thioketone, which is subsequently trapped by another 
bisphosphane Pt(0) complex[38,39] (Scheme 21). The postulated 
six-membered intermediate formed from 1n and (Ph3P)2Pt(2-
nbe) is stable at room temperature, and its structure was 





Scheme 21. Ring-expansion of 1,2,4-trithiolanes 1 leading to the intermediate 
six-membered Pt-heterocycles 22. 
 
In analogy to 1,2,4-trithiolanes, bisphosphane Pt(0) complexes 
react also with ,'-dichloroalkyloligosulfanes prepared from 
monothioketone2f yielding the corresponding platinathiirane of 
type 20 and the dithiolato Pt(II) complex 21c. Interestingly, in 
contrast to 1b, the sterically crowded 1,2,4-trithiolane 1m did not 
react with (Ph3P)2Pt(2-C2H4)in toluene at room temperature for 
24 h.[40] 
 
In extension of the studies with 1,2,4-trithiolanes, the reactions 
of their S-oxides with bisphosphane Pt(0) complexes (L2Pt(0)) 
were also studied. Thus, 4-S-oxide 4b, derived from the parent 
1,2,4-trithiolane (1a), gave stable six-membered Pt-complexes 
23, which were isolated and identified by means of 
spectroscopic methods. In contrast to the non-oxidized 1a, a 

















Scheme 22. Ring expansion of 4-S-oxide 4b with Pt(0)-complexes (L = PPh3).  
 
The dispirocyclic1,2,4-trithiolane S-oxides 4j and 4k were 
reacted with (Ph3P)2Pt(2-nbe), and in contrast to 4b, products 
21d, 22a, and 23a, 20e, respectively, resulting from the 
decomposition of the intermediate of type 22, were isolated[41] 
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Scheme 23. Splitting of isomeric 2-S- and 4-S-oxides 4j and 4k in reactions 
with (Ph3P)2Pt(2-nbe) complex. 
 
4.2. Reactions with iron carbonyls 
 
Reactions of differently substituted 1,2,4-trithiolanes with 
Fe2(CO)9 or Fe3(CO)12 have also been studied. Thus, the parent 
1a reacts with Fe2(CO)9 in boiling THF solution yielding the 
complex 24a as the major product (38%). In addition, products 
25a and 26 were also found in the reaction mixture[42] (Scheme 
24). 
1a +



















Scheme 24. Reactions of Fe2(CO)9 with the parent 1,2,4-trithiolane 1a. 
 
Whereas compound 24a is formed via insertion along the sulfur-
sulfur bond of 1a, the mechanism leading to 25a upon formal 
elimination of thioformaldehyde(H2C=S), is still unknown. 
Analogous products were obtained starting with three 
equivalents of Fe2(CO)9 in reactions with 3,3,5,5-tetraalkyl-
substituted 1,2,4-trithiolanes 1f and 1o.[43] However, in the case 
of the dispiro-substituted 1,2,4-trithiolane 1e, the reaction 
mixture contained products 24b and 25b along with the complex 
27, containing adamantanethione (2c) side-on coordinated with 
the Fe3(CO)9 cluster[43] (Scheme 25). Apparently, the formation 
of the latter results from the release of adamantanethione (2c) 


























Scheme 25. Three products 24b, 25b and 27 formed in the reaction of 
Fe2(CO)9 with sterically crowded dispiro substituted 1,2,4-trithiolane 1e. 
 
As pointed out in Chapter 3.2, symmetric 3,3,5,5-tetraaryl-1,2,4-
trithiolanes are thermolabile compounds and undergo easily the 
[3+2]-cycloelimination. For that reason, the reactions with iron 
carbonyls (Fe2(CO)9 and Fe3(CO)12) performed under enhanced 
temperature comprise the complexation of aromatic thioketones 
and aromatic thiocarbonyl S-sulfides existing in an equilibrium 
with the corresponding dithiiranes. The first reaction with the 
aromatic thioketone followed by 1,3-H shift leads to the 
bimetallic complex 28 containing  as well as  bonded Fe 
atoms, which was confirmed by X-ray structure determination. 
The second reaction resulting in the formation of bimetallic 
dithiolato complex 29 involves insertion of two iron atoms in the 
sulfur-sulfur bond of the intermediate diphenyl dithiirane. The 
latter is the product of the ring closure of thiobenzophenone S-
sulfide formed after the initial [3+2]-cycloelimination step[44] 
(Scheme 26). The formation of complexes of types 28 and 29 
was postulated in reactions of substituted thiobenzophenones as 
well as 3,3,5,5-tetraphenyl-1,2,4-trithiolane (1b) with Fe2(CO)9, 




Scheme 26. Formation of the bimetallic complexes 28 and 29 in reactions of 




The present review summarizes the most important aspects of 
the organic and organometallic chemistry of 1,2,4-trithiolanes, 
which form a relevant class of non-aromatic sulfur-rich 
heterocycles and updates our earlier article related to similar 
problems.[46] Some of them are abounded in nature and are 
important components of fragrances and food-stuff. They are of 
practical importance for the synthesis of other sulfur containing 
heterocycles via [3+2]-cycloaddition of the in situ generated 
thiocarbonylS-sulfides acting as reactive 1,3-dipoles. The latter 
are believed to exist in equilibrium with corresponding dithiiranes. 
In addition, 1,2,4-trithiolanes easily react with electron-rich, low-
valent platinum(0) complexes of type L2Pt(0)(2-olefin) (L = 
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complexes, respectively. Formation of dithiolato platinum(II) 
complexes results from the oxidative addition of L2Pt(0)(2-
olefin) along the sulfur-sulfur bond of the elusive dithiirane 
derivatives. Similar processes govern reactions of 1,2,4-
trithiolanes with iron carbonyls Fe2(CO)9 and Fe3(CO)12 leading 
to iron-sulfur clusters which are of great current interest.[47] Some 
of them are considered as [FeFe]-hydrogenase mimics of 
potential importance for electro- and photocatalytic production of 
hydrogen.[48] 
Acknowledgments 
Authors (G. M., and W. W.) thank the Alexander von Humboldt 
Foundation (Bonn, Germany) for financial support within the 
Grant ‘Institutspartnerschaft’ (Jena-Lodz project 2018-2021). 
Keywords:1,2,4-trithiolanes, [3+2]-cycloaddition, flash vacuum 
pyrolysis, platinathiiranes, dithiolato complexes 
[1] (a) H. Staudinger, H. Freudenberger, Ber. Dtsch. Chem. Ges. 1928, 
61, 1836–1839; (b) A. Schönberg, O. Schütz, S. Nickel, Ber. Dtsch. 
Chem. Ges. 1928, 61, 2175–2177. 
[2] A. Schönberg, B. König, Chem. Ber. 1968, 101, 725–730. 
[3] E. Campaigne, W. M. Bradley Reid, Jr., J. Org. Chem. 1947, 12, 
807–814. 
[4] a) K. Morita S. Kobayashi, Tetrahedron Lett. 1966, 573–577; b) K. 
Morita, S. Kobayashi, Chem. Pharm. Bull. 1967, 15, 988–993; c) C.-
C. Chen, C.-T. Ito, J. Agr. Food Chem. 1986, 34, 830–833; d) 
M.Dermiki, N. Phanphensophon, D. S. Mottram, L. Methven, Food 
Chem. 2013, 141, 77–83; e) A. J. Rushdi, B. D. T. Simonei, 
Astrobiology 2005, 5, 749‒769. 
[5]  a) R. Gmelin, R. Susilo, G. R. Fenwick, Phytochemistry 1981, 20, 
2521–2523; b) D. Liang, J. Bian, L.-W. Deng, D. Huang, J. Funct. 
Foods 2017, 35, 197–204. 
[6] S. J. Wratten, D. J. Faulkner, J. Org. Chem. 1976, 41, 2465–2467. 
[7] H. Kameoka, T. Demizu, Phytochemistry 1979, 18, 1397–1398. 
[8] E. A. Shalaby, N. F. Nasr, S. M. El Sherief, J. Med. Plants Res. 2011, 
5, 922‒931. 
[9] H. W. Brinkman, H. Copier, J. J. M. de Leuw, S. B. Tjan, J. Agr. Food 
Chem. 1972, 20, 177–181. 
[10] D. D. Jayasena, D.-U. Ahn, K.-C. Nam, C. Jo, Asian-Australas J. 
Anim. Sci. 2013, 26, 732–742. 
[11] R. Huisgen, J. Rapp, Tetrahedron 1997, 53, 939–960. 
[12] M. M. Campbell, D. M. Evgenios, J. Chem. Soc., Perkin Trans. 1 
1973, 2866–2869. 
[13] a) A. Tangerman, L. Thijs, A. P. Anker, B. Zwanenburg, J. Chem. 
Soc., Perkin Trans. 2, 1973, 458–460; b) P. G. M. McCaw, N. M. 
Buckley, S. G. Collins, A. R. Maguire, Eur. J. Org. Chem. 2016, 
1630–1650; c) R. Huisgen, G. Mlostoń, K. Polborn, R. Sustmann, W. 
Sicking, Liebigs Ann.Chem. 1997, 179‒185. 
[14] P. R. Schreiner, H. P. Reisenauer, J. Romański, G. Mlostoń, J. Am. 
Chem. Soc. 2010, 132, 7240–7241. 
[15] F. Asinger, M. Thiel, G. Lipfert, Liebigs Ann. Chem. 1959, 627, 195–
212. 
[16] a) S. B. Tjan, J. C. Haakman, C. J. Teunis, H. G. Peer, Tetrahedron 
1972, 28, 3489–3500, b) Z. D. Wang, G. Feng, M. G. Garcia, T. 
Wang, Eur. J. Org. Chem. 2019, DOI: 10.1002/ejoc.201801238. 
[17] I. A. Dorofeev, L. G. Shagun, I. A. Tokareva, M. G. Voronkov, Russ. J. 
Org. Chem. 2008, 44, 1403–1405. 
[18] H. Oshida, A. Ishii, J. Nakayama, J. Org. Chem. 2004, 69, 1695–
1703. 
[19] R. Huisgen, J. Rapp, Heterocycles 1997, 45, 507–525. 
[20] K. Okuma, K. Kojima, S. Shibata, Heterocycles 2000, 53, 2753–2758. 
[21] R.Huisgen, J. Rapp, J. Am. Chem. Soc. 1987, 109, 902–903. 
[22] K. Okuma, S. Shibata, K. Shioji, Y. Yokomori, Chem. Commun. 2000, 
1535–1536. 
[23]  G. Mlostoń, J. Romański, H. Heimgartner, Pol. J. Chem. 1996, 70, 
437–445. 
[24]  G. Mlostoń, J. Romański, A. Linden, H. Heimgartner, Pol. J. Chem. 
1996, 70, 880–890.  
[25]  G. Mlostoń, H. Heimgartner, Helv. Chim. Acta 1995, 78, 1298–1310. 
[26]  G. Mlostoń, M. Celeda, A. Linden, H. Heimgartner, J. Sulfur Chem. 
2016, 37, 14–22. 
[27]  R. Huisgen, G. Mlostoń, K. Polborn, F. Palacios-Gambra, Liebigs 
Ann./Recueil 1997, 187–192. 
[28] W. Adam, R. M. Bargon, G. Mlostoń, Eur. J. Org. Chem. 2003, 4012–
4015. 
[29] a) H. Petzold, S. Bräutigam, H. Görls, W. Weigand, U. Uhlemann, R. 
Gessner, W. Kiefer, J. Poop, A. Majchrzak, G. Mlostoń, Inorg. Chim. 
Acta 2004, 357, 1897–1908; b) W. Weigand, R. Wünsch, K. Polborn, 
G. Mlostoń, Z. Anorg. Allg. Chem. 2001, 627, 1518–1522. 
[30] H. Oshida, A. Ishii, J. Nakayama, TetrahedronLett. 2002, 29, 5033–
5037. 
[31] G. Mlostoń, H. Heimgartner, in Science of Synthesis, ThiemeVerlag 
KG, Stuttgart 2014, Vol. 27, pp. 403–411. 
[32] G. Mlostoń, J. Romański, H. P. Reisenauer, G. Maier, Angew. Chem. 
Int. Ed. 2001, 40, 393–396. 
[33] K. V. Murphy, W. J. Morgan, Z. Sun, H. F. Schäfer III, J. Agarwal, J. 
Phys. Chem. A 2017, 121, 998‒1006. 
[34] J. Romański, H. P. Reisenauer, H. Petzold, W. Weigand, P. R. 
Schreiner, G. Mlostoń, Eur. J. Org. Chem. 2008, 2998–3003. 
[35] G. Mlostoń, J. Romański, M. L. McKee, H. P. Reisenauer, P. R. 
Schreiner, Eur. J. Org. Chem. 2010, 2132–2137. 
[36] W. Weigand, R. Wünsch, C. Robl, G. Mlostoń, H.Nöth, M. Schmidt, Z. 
Naturforsch. 2000, 55b, 453–458. 
[37] T. Weisheit, H. Petzold, H. Görls, G. Mlostoń, W. Weigand, Eur. J. 
Inorg. Chem. 2009, 3545–4551. 
[38] H. Petzold, T. Weisheit, S. Bräutigam, H. Görls, G. Mlostoń, W. 
Weigand, Eur. J. Inorg. Chem. 2010, 3636‒3641. 
[39] T. Weisheit, A. Kriltz, H. Görls, G. Mlostoń, W. Imhof, W. Weigand, 
Chem. Asian J. 2012, 7, 1383–1393. 
[40] H. Petzold, S. Bräutigam, H. Görls, W. Weigand, A. Majchrzak, G. 
Mlostoń,Chem. Eur. J. 2006, 12, 8090–8095. 
[41]  H. Petzold, S. Bräutigam, H. Görls, W. Weigand, J. Romański, G. 
Mlostoń, Eur. J. Inorg. Chem. 2007, 5627–5632. 
[42] J. Windhager, M. Rudolph, S. Bräutigam, H. Görls, W. Weigand, Eur. 
J. Inorg. Chem. 2007, 2748–2760. 
[43] J. Windhager, H. Görls, H. Petzold, G. Mlostoń, G. Linti, W. Weigand, 
Eur. J. Inorg. Chem. 2007, 4462–4471. 
[44] A. Q. Daraosheh, H. Görls, M. El-khateeb, G. Mlostoń, W. 
Weigand,Eur. J. Inorg. Chem. 2011, 349–355. 
[45] H. Alper, A. S. K. Chan, J. Am. Chem. Soc.1973, 95, 4905–4913. 
[46] W. Weigand, S. Bräutigam, G. Mlostoń, Coord. Chem.Rev. 2003, 245, 
167–175. 
[47] Y. Li, T.B. Rauchfuss, Chem. Rev. 2016, 116, 7043-7077. 
[48] a) W. Lubitz, H. Ogata, O. Ru, E. Reijerse, Chem. Rev. 2014, 114, 
4081–4148; b) M. Watanabe, Y. Honda, H. Hagiwara, T. Ishihara, J. 
Photochem. Photobiol. C 2017, 33, 1–26; c) D. Schilter,J. M. 
Camara,M. T. Huynh, S. Hammes-Schiffer, T. B. Rauchfuss, Chem. 





















European Journal of Organic Chemistry
This article is protected by copyright. All rights reserved.










1,2,4-Trithiolanes belong to the 
class of cyclic polysulfides and 
some of them are abundant in 
nature. Thermal [3+2]-cyclo-
elimination of 1,2,4-trithiolanes 
leads to the generation of re-
active thiocarbonyl S-sulfides, 
which exist in equilibrium with 
the corresponding dithiiranes. 
1,2,4-Trithiolanes react with low 
valent metals (platinum and 
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